Abstract
Introduction
The advent of new technologies and their applications revolutionized the way information is stored, archived, retrieved and presented. Their impact on the registration, documentation, presentation and ultimately preservation of Cultural Heritage could be enormous. A first attempt to this end is done in Cultural and Educational Technology Institute (C.E.T.I.) with the collaboration of its Archaeometry Laboratory and the Multimedia Unit, for the development of a multimedia database for archaeological ceramics. The database will include detailed 2D and 3D images of archaeological ceramic finds accompanied by morphological descriptions, historical data, and scientific data such as dating measurements, mechanical properties and stoichiometric analysis that -where appropriate and possible-will be mapped on the 3D image. Thus, the userresearcher should be able to examine the object from every aspect avoiding at the same time to subject the artifact to any further strain. In addition, the entire object will be stored and be available indefinitely in time and space.
The attempt is rather innovative since presently the majority of the existing databases concerning cultural & historical heritage include only 2D images or drawings of objects and are forced to present several images of different visual aspects in order to provide complete representations, while none of them incorporates 3D surface mapped data.
Database design
The design of a cultural database requires the solution of several problems such as the precise definition of the "problem" (theoretical concept, involving isolation of the various classes and objects into abstractions and definition of the connections or relationships between them), the implementation aspect (use of a relational database model), and the user aspect (the target audience).The designer of a cultural database must consider also the possible limitations imposed either from the data involved or from the database/archiving system used. In the present project, the database has to support multimedia content and multilanguage-polytonic text for textual data (adopted solution was the use of Unicode [8] fonts). For enhanced flexibility in database management and data "warehousing" the adopted solution for the multimedia content was to keep them in separate files on disk and include only their filenames with full paths in the database.
There are two basic categories of data with regard to archaeological ceramic and glass artifacts: cultural and technological. The cultural data comprise of external characteristics, such as the type of the object, its dimensions, etc, as well as historical and social information, while the technological data include information related to the chemical, mineralogical, physical and mechanical properties of the material, archaeological dating information etc.
Presentation of a 3D Cultural Heritage Multimedia Database
A combination of different technologies was recruited in order to achieve the best possible interaction between the user and the archeological artifacts within a threedimensional environment distributed over a network.
Internet has been acknowledged as one of the most challenging platforms for programming. Java programming language is based on the power of global networks and the idea that the same software should run on many different types of computers and operating systems. A Java application can be easily delivered on the Internet or on any other network. Thus, it is considered as a powerful platform to evolve a 'thin client -thick server' application.
3D Worlds, Virtual Reality and VRML
In the late 1960's and 1970's, research on a number of fronts formed the basis of virtual reality as it appears today (e.g. head-mounted displays [4, 5] , projection-based VR [2, 3] ). In the mid-1980's, the different technologies that enabled the development of virtual reality converged to create the first true VR systems. The term "Virtual Reality" was originated at 1989 by Jaron Lanier, the founder of VPL Research, defining it as "a computer generated, interactive, three-dimensional environment in which a person is immersed." Since then, virtual reality has captured the public imagination and lots of work has been done to explore the possibilities of virtual reality in new areas of application such as medicine, chemistry, scientific visualization.
One of the most successful applications of VR is in the representation of historical and cultural heritage. The main reason for this success is that in many cases the represented data do no longer exist or are partially destroyed and cannot be viewed in any other way.
The Web is being extended to three spatial dimensions thanks to VRML, a dynamic 3D scene description language that can include embedded behaviors and camera animation. A rich set of graphics primitives provides a common-denominator file format which can be used to describe a wide variety of 3D scenes and objects. The VRML specification is now an International Standards Organization (ISO) specification [22] . The Virtual Reality Modeling Language (VRML) and Java provide a standardized, portable and platform independent way to render dynamic, interactive 3D scenes across the Internet. Integrating two powerful and portable software languages provides interactive 3D graphics plus complete programming capabilities plus network access [17, 18, 19, 21] .
Java adds complete programming capabilities plus network access, making VRML fully functional and portable. This is a powerful new combination, especially as ongoing research shows that VRML plus Java provide extensive support for building large-scale virtual environments [9] 
VRML and Java interfacing
The VRML 97 standard does not provide support for the development of shared multi-user worlds. Developers may implement the lacking multi-user and network support in the current standard by means of the Java interfaces without necessitating the definition of non-standard extensions to VRML. Although the current VRML standard does not provide explicit support for the development of multi-user worlds, it does, however, provide the developer with two Java programming interfaces which allow for the implementation of multi-user capabilities: Java via VRML's Script node and External Authoring Interface [9,10,12,13,14,16,22]:
• Java via VRML's Script node. Sometimes is referred to as the JavaScript Authoring Interface (JSAI) • External Authoring Interface (EAI). Rather than provide Java connectivity from "inside" the VRML scene via the Script node, the EAI defines a Java or JavaScript interface for external applets which communicate from an "external" HTML web browser [20] . EAI applets can pass messages to and from VRML scenes embedded in an HTML page. The primary benefit of the EAI is the ability for direct communication between the encapsulating HTML browser and the embedded VRML browser.
In the context of multi-user client/server VRML applications, the EAI is the interface of choice since an applet executing at the client can provide both the networking capabilities of Java and access to the internal workings of the VRML world through the EAI [10] .
Few years ago, Sun released the Java3D class library for 3D graphics programming [15] , which is an API providing with a programming interface for 3D analogous to the Abstract Window Toolkit (AWT) for 2D graphics.
All interfaces are well matched, well specified, openly available and portable to most platforms on the Internet. VRML scenes in combination with Java can serve as the building blocks of cyberspace. Using VRML and Java, practical experience and continued success will move the field of virtual reality past speculative fiction and isolated islands of research onto desktops anywhere, creating the next-generation Web [9] .
Presentation of a Cultural Heritage Multimedia Database using Virtual Reality
In order to implement a system that is able to deliver the virtual reality content of a multimedia database and to use a universal format compatible with most internet browsers, the obvious choice, today, is to adopt Virtual Reality Modeling Language (VRML) [1] , combined with Java programming.
A block diagram of the proposed system is depicted in figure 1 . The usage of the system is summarized as a threestage interaction procedure in figure 2 . More technically, a client implemented within a Java applet is used to forward user's requests to a server application via a socket connection. The server application is responsible for constructing an SQL command, which will be forwarded to the multimedia database server. Once again, the server application will collect the data and forward them back to the applet where they will be presented to the user in a typical 2D environment of text fields (figure 3).
Figure 3. Interaction of different technologies
Summarizing, the technologies used in the proposed implementation are:
• a Java-enabled Web browser (standard, client-side) • a VRML97 compliant browser plug-in • a Java applet running in the Web browser (downloaded from the Web server to the client) • a Java server application (executing on the Web server)
The user interacts with the object by a complete freedom of movements (rotation, zooming, panning etc). Selection of a specific area (region of interest) is done by selecting a rectangular region on the 3D object. With the EAI, the position of the region of interest is transferred to the client applet. The applet forwards the information in the format of a streamed string to the server. The server is now responsible for querying the database. Results are retrieved from the multimedia database, averaged over the selected region and sent back to the client. Apart from the technological data, the server supplies the client with a filename path, which the client uses to download a more detailed 2D image of the region of interest. This image is also presented to the user (figure 4).
The interface can be enhanced with 2D charts of technological data and its functionality be improved with full control of the VRML world within the applet (preselected viewpoints, preselected-highlighted regions-ofinterest, enhanced navigational interface etc).
In a second phase, issues related with 3D data and image compression as well as network security issues currently under investigation will be embodied. Considered technologies include JPEG2000, MPEG4 3D, and future VRML revisions (2002). They are expected to lead in lower volumes of data transmission and higher speeds of interaction, which will address the most important network issues related with information retrieval in similar systems.
Conclusions
A multimedia database with real or realistic and interactive 3D representations of objects is under development for archaeological ceramic artifacts. The database contains historical, morphological and analytical data for the recorded artifacts together with their 3D digital images. The researcher/user has access to the entire information related to an artifact and can interact with its 3D representation by turning, zooming, and panning. In addition, the interested user can retrieve specific local surface data (elemental composition, pigment etc) by clicking on the surface of the object, thus taking advantage of the recent developments in measurement instrumentation to provide an integrated and complete documentation of cultural objects.
